Time of flight (TOF) spectroscopy

How time of flight spectroscopy works
* 1n principle
 1n practice (at the NCNR)

Trading intensity for resolution
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TOEK spectroscopy, in principle
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20 1nto solid angle AQ), reaching unit area in incident
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Double differential scattering
cross section (w.r.t. time)
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TOK spectroscopy, in practice

The NCNR Disk Chopper Spectrometer
(1) The neutron guide

(3) The
(2) The choppers
crystal
filter
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sample area
(5) The flight chamber and the detectors P
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Overall plan view of DCS (to scale)
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(1) The neutron guide

Neutrons transported by total external
reflection; critical angle Wwavelength.
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Gammas and high energy neutrons
removed by “optical filter” design.
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Short wavelength
neutrons removed
by Bragg reflection
in cooled pyrolytic
graphite filter.

(2) The crystal filter

White beam monitor
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(3) The choppers

A single (disk) chopper
pulses the neutron beam.

A second chopper selects neutrons
within a narrow range of speeds.

Counter-rotating choppers
(close together), with speed *,
behave like single choppers
with speed 2¢. They can also
permit a choice of pulse
widths.

Additional choppers remove
“contaminant” wavelengths and
reduce the pulse frequency at
the sample position.
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The DCS has seven choppers, 4 of which have 3 “slots”

Monochromating Choppers

Disk 4B

Order Removal Choppers

Pulsing Choppers
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(4) The sample area

The sample stage accomodates a wide
variety of sample environments.

A radial collimator reduces scattering from
vacuum cans, radiation shields, etc.
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(5) The flight chamber and the detectors

The flight chamber is argon-filled to reduce
scattering of neutrons traveling from the
sample to the detectors.

There are 913 detectors in 3 banks.
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Instrument control and data acquisition system

vacuum gauges, temperature sensors,
oxygen sensors, motor controllers,
pressure sensors, pressure alarms

VME chopper
control modules

Chopper

Computer

coincidence pulse
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Trading intensity I(E) for resolution AE

Quantities that can be varied:
e chopper period T, and “frame overlap ratio” m=Tg/T period at

* wavelength A

DCS flux on sample PG filter (77K} (all choppers at 20000 rpm)

10*

Liquid hydrogen cold source |, 20MW

(T is the

the sample)
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